PREFACE
Nuclei are the fascinating subatomic objects at the heart of all atoms. As complex systems of interacting protons and neutrons, nuclei exhibit extraordinary variety in their behavior: under different circumstances, their dynarnical responses may appear to be single particle-like, highly collective, or chaotic. Experimentalists have learned how to bring out these various "personalities" of the nucleus by heating, spinning, and brealung apart these strongly interacting quantum systems. Yet a full understanding of nuclei, including the ultimate goal of understanding how nuclei arise from quantum chromodynamics, remains a considerable challenge for theory and experiment.
Nuclear physics is also a subject with rich connnections to other fields. One of these is astrophysics. Much of the microphysics important to the big bang, to the life cycles of stars, and to cataclysmic events such as supernova explosions is nuclear in origin. The successful theory of big-bang nucleosynthesis is considered one of the three experimental cornerstones of modern cosmology. Stellar nuclear reactions, which continue to produce the heavier nuclei that enrich our galaxy and allow life to form, explain much of the pattern of elemental abundances that we observe in our solar system.
In this book we focus on a second intersection of nuclear physics with other fields: nuclei are a superb "laboratory" for studies of symmetries and symmetry breaking, and for testing the properties and possible limitations of our standard theory of electroweak interactions. Several wonderful attributes of nuclei account for their usefulness in such tests. One is the possibility of ex 'ting the definite quantum numbers of nuclear levels (spin, isospin, pa &er" out the interaction of interest. Another is the exploitation of chance nuclear degeneracies to greatly magnify the effects of the interactions of interest. For example, parity doublets can produce remarkable enhancements in the size of parity-violating asymmetries.
A third is the existence of techniques for precision measurements in atomic nuclei.
Examples include measurements of double beta decay at lifetime sensitivities of years, limits on atomic electric dipole moments of e-cm, and observations of weak asymmetries in p-p scattering at the level of one part in lo8.
The first part of this volume focuses on the space-time symmetries of parity and time reversal, on the charge independence of nuclear forces, and on chiral symmetry. Although time reversal symmetry (or more correctly, CP conservation) is known to be broken in the decays of neutral kaons, its origin is not understood at a fundamental level. The standard model can accommodate the observed CP violation in kmn decays through a phase in the quark mass matrix; it also allows strong CP violation through the so-called theta term. Many additional sources of CP violation arise in natural extensions of the standard model. Measurements of T-violating correlations in beta decay and atomic tests of electron and nuclear electric dipole moments are among the important constraints on proposed theories. Felix Boehm describes nuclear tests of time reversal invariance, and Peter Herczeg explores the implications of these vi Preface measurements for theory.
The standard model also predicts the strength of the hadronic weak interaction between quarks. Parity violation is a tool for separating this interaction from the much stronger hadronic and electromagnetic forces between nucleons. The challenge is to quantitatively relate the strength of the observed weak nucleon-nucleon force to the underlying QCD Lagrangian. Can theory calculate the important strong interaction corrections that arise from the composite nature of the nucleon? Nuclear physics is contributing by offering a number of experimental opportunities for measuring weak asymmetries, including cases where the effects are enhanced by many orders of magnitude. Willy Haeberli and Barry Holstein summarize the status and implications of these measurements.
The charge independence of nuclear forces was conjectured over 50 years ago, but it is only in the past two decades that a deeper understanding of this symmetry and its weaker form of charge symmetry has been achieved. Wim Van Oers and Jerry Miller summarize the progress that has been made, including the heroic recent experiments on the n-p system. QCD, the basic theory of strong interactions, is chirally invariant, but this theory is broken at low energies. Nevertheless, chiral symmetry plays an important role in nuclear physics, allowing one to develop sensible perturbation schemes for evaluating many observables. Chiral symmetry and its predictions for nucleon properties in nuclear matter is the basis of the chapter by Gerry Brown.
The second half of the volume focuses on nuclear tests of the weak, electromag netic, and strong parameters of the standard model. Ian Towner and John Hardy discuss nuclear tests of weak currents and their couplings, including the extraction of quark mixing angles and tests of the conservation of the vector current and the partial conservation of the axial current. They also describe how the strength of certain interactions can be renormalized within the nucleus. The muon has played a central role in testing both quantum electrodynamics and the weak interaction, while muon scattering off nuclear targets helped to inspire the quark-parton model of hadron structure. Vernon Hughes and Dirk Walecka describe the field of muon physics, emphasizing the central role precision measurements of muon properties and decays play in testing the standard model. They also describe muon interactions with hadrons from the nuclear regime (e.g., muon capture as a test of the partial conservation of the axial vector current) to deep inelastic scattering.
Bob McKeown and Mike Musolf discuss two particular windows on the properties of the strong interaction in the region where QCD is nonperturbative: the nucleon's spin and flavor structure functions provide a wealth of information on the structure of hadrons. They emphasize how nuclear physics effects can either enhance or limit one's ability to determine the distribution of quarks and gluons inside nucleons.
Many theoretical physicists believe that neutrinos may hold the key to the puz zling hierarchy of masses that characterize the standard model. While neutrinos are massless in the standard model, most extensions of that model predict that neutrinos Preface vii have a mass related to the scale of new physics. Peter Rosen describes tritium beta decay and double beta decay searches for massive neutrinos, and their implications for theory. Lincoln Wolfenstein and Ken Lande describe the quest, now nearly three decades old, to measure the neutrinos from the sun. Produced as a byproduct of nu clear fusion, solar neutrinos offer a spectacular opportunity to test not only our theory of stellar energy generation, but also the properties of neutrinos as they propagate from the sun to the earth. The puzzling pattern of neutrino fluxes that has emerged from recent experiments suggests to many that neutrinos oscillate, a phenomenon requiring both neutrino masses and mixing.
Appropriately, this volume opens with an introduction by T.D. Lee on the special role of symmetry principles in modern physics. He illustrates his remarks with a problem taken from the core of nuclear physics, how relativistic heavy ion collisions may teach us about symmetry breaking and restoration in the QCD vacuum.
Wick Haxton and Ernest Henley

